INTRODUCTION
THE OBJECTIVE OF THIS PAPER is to estimate the equations of consumption behavior (including consumption of leisure) for a representative agricultural household in the Province of Taiwan under the assumption of household utility maximization. To do this we employ the linear logarithmic expenditure system, introduced by Lau and Mitchell [12] , with a modification to take into account the effects of differential family composition and of time. Three commoditiesleisure, agricultural commodities, and nonagricultural commodities-are distinguished. Although the data exist for finer disaggregation of the consumption commodities, we choose this particular three-way classification to examine three important policy issues in agricultural development: (1) the question of incomeleisure choice; (2) the question of the supply of the marketed surplus; and (3) the question of the role of availability of nonagricultural commodities.
From the estimated behavioral equations, which consist of the demand functions for leisure, agricultural commodities, and nonagricultural commodities, two sets of demand elasticities are computed, the first holding total expenditure on the three commodities constant (which accords with the traditional approach to consumer demand) and the second taking into account the fact that total expenditure on the three commodities will also have changed as a result of changes in the commodity prices, family size and composition, and initial endowments of capital and land.
Given the estimated leisure demand function, we subtract it from the total leisure endowment of the household to derive the labor supply function. Given the estimated agricultural commodities consumption function we subtract it ' from an agricultural output supply function estimated elsewhere2 to derive the marketed surplus supply function. Similar sets of elasticities are computed for both the labor supply and the marketed surplus supply functions.
SUBJECTIVE EQUILIBRIUM OF THE AGRICULTURAL

HOUSEHOLD
Our model of household consumption behavior is based on the assumption of maximization of household utility. This notion of a subjective equilibrium of the agricultural household is traceable at least to Chayanov [3, 4] , and has since been elaborated and extended by Tanaka [29] , Nakajima [14, 15, 16] , Maruyama and Sasaki [13] , Sen [24] , Jorgenson and Lau [9] , and Bardhan and Srinivasan [1] among others. Our approach here follows essentially that of Jorgenson and Lau [9] .
Suppose that there are m individuals in the agricultural household and n distinct consumption commodities. It is assumed that there exists a household utility function W defined over the m x n quantities of commodities consumed by the individuals given by3 To distinguish between households with different characteristics, such as size, age and sex composition, educational levels, states of health, religion, race, etc., the utility function is further assumed to depend parametrically on a vector of characteristics, say a. It is assumed that the household maximizes utility, W(X,1,.
. ., Xmn; a), with respect to Xii (i = 1, . . ., m; j= 1, . . ., n), subject to the budget constraint X,1 p, X'im=1 Xi, = M, where pi is the money price of the jth commodity and M is total money expenditure of the agricultural household. Both p and M as well as a are assumed to be exogenously given to the household and cannot be changed by any action of the household. Note that the price of a commodity is assumed to be the same independently of whichever individual finally consumes it. Defining normalized prices p* pi/M, i = 1,... , n, the budget constraint becomes I> P J=, 'Xii = 1. For any j, the prices of Xi are identical, i= Thus, without loss of generality, one can start equally well by taking an indirect utility function W*(p*, a) which is twice differentiable, strictly monotonically decreasing, and locally strongly quasiconvex in p*, with W* depending also on a. We note that this approach makes it unnecessary, in principle, to assume or derive commodity-specific adult-equivalent consumption scales (in particular, it is not necessary to do the analysis in per capita terms), although one may still need to use conversion ratios if one wishes to aggregate across characteristics. In addition, no assumption is made concerning the intrafamily distribution of commodities other than that it is optimal from the point of view of the household. Of course, the household consumption demand functions so derived are consistent with the assumption of household utility maximization. We shall, however, have occasion to test this assumption explicitly.
For our particular application, some of the quantities of the Xi's are fixedspecifically, the leisure consumed by the dependent (non-working) members of the household. For these members, it is assumed that their consumption of leisure is at the maximum, denoted Z. Let leisure be the first commodity and let there be m1 workers and m2 dependents, m1 + m2 = m. In this case, the household utility maximization problem becomes: with the parametric restrictions given above. We note that the parameters yi's and 81,m's cannot be identified because they do not enter into the empirically estimable commodity expenditure functions. The presence of terms involving ln ai which do not interact with the In p*'s amounts to a neutral shift of the utility functions, which, as is well known, does not affect the optimal budget allocations. (1) First of all, we note that since q*LZ +p*A +p*C -1, only two out of the three expenditure equations are stochastically independent and hence need to be estimated. We choose the pAA and p*C equations. Second, we note that using restrictions ( This is the final estimating form used in this paper. Third, we note that /323 appears in both equations and should be identical in both equations if the system of commodity expenditure functions is to be derivable from utility maximization. One can test the hypothesis of utility maximization by testing statistically whether the two p23'S obtained from the different equations are equal. Alternatively, the two equations may be estimated jointly, imposing this constraint across the equations. Finally, the remaining identifiable unknown coefficients may be computed from the restrictions (1) to (7). A word needs to be said about the assumption of homogeneity which we maintain because it simplifies the analysis considerably. One implication of homogeneity is that the total expenditure elasticity of demand for each commodity is identically one. Admittedly this is a rather restrictive assumption. We note, however, that an expenditure elasticity of one certainly does not imply an income elasticity of one, nor vice versa, especially since our concept of total expenditure includes the imputed value of leisure. This study also differs from the more traditional Engel curve analysis in that the consumption commodity prices and family composition are explicitly introduced as independent variables. 1' 
THE STATISTICAL METHOD
Because of the budget constraint, the three commodity expenditure functions always add up to one. Consequently only two of the functions need to be estimated and the parameters of the third function may be directly derived. The functions that are chosen to be estimated in this study are the agricultural consumption and non-agricultural consumption expenditures (equations (3.1) and (3.2)). It is assumed that q*, pA, p?* a,, a2, and Dt are exogenous variables, at least within the time horizon being considered, and that the probability limit of the matrix of the second moments of the right-hand-side variables in equations (3.1) and (3.2) divided by the number of observations is a constant. In addition it is assu-med that Of course, in order for the system of commodity expenditure functions to be consistent with utility maximization, it is necessary that the ,823's which appear in both equations to be constrained to be equal. We estimate the system of two equations both without and with the equality constraint on 23. We also estimate the system of two equations imposing all the restrictions which are tested but not rejected. The implied estimates of the remaining parameters of the system may be computed, using the restrictions derived in Section 3.
EMPIRICAL RESULTS
Tests of Hypotheses
The first hypothesis to be tested is that the theory of demand is valid, that is, the households maximize utility. Operationally, this implies that we should test the symmetry restriction: (1) J3 = 23, where the superscripts 2 and 3 refer to the agricultural consumption function and the non-agricultural consumption function, respectively.
Given the validity of the utility maximization hypothesis, the remaining hypotheses to be tested are restrictions on the functional form, on the time structure, and on the effects of household size and composition. First, we test the hypothesis of linear logarithmic utility, that is, the optimal budget shares are constants independent of prices and total expenditures. This hypothesis implies three additional restrictions: (1) 122 = 0; (2) P23 = 0; (3) f33 = 0. Second, we test the hypothesis that the indirect utility function is stationary, that is, independent of time. This hypothesis requires two restrictions in addition to the symmetry restriction: (1) 82t = 0; (2) 83t =0. Third, we test a set of four hypotheses in parallel on the effects of household size and composition on agricultural and non-agricultural consumption demands. We first test the hypotheses of no worker effect on agricultural and non-agricultural consumption demands, respectively. Given symmetry, these hypotheses require one restriction each: (1) ?21 =0 and (1) ?31 = 0. We next test the hypotheses of no dependent effect on agricultural and non-agricultural consumption demands respectively. Again, 17 However, since the estimates so obtained are not maximum likelihood estimates, they will not be invariant to the choice of which two functions to estimate. An additional problem has to do with the fact that our data are averages of each size class of each agricultural district. We assume that the covariance of errors of the observations in the original sample is sufficiently high so that the average may be treated as a single observation and that the possible approximation error resulting from using a function of the averages as a proxy for an average of the function values is small. To test the validity of the restrictions implied by the hypotheses of utility maximization and various specifications on the form of the indirect utility function, we employ test statistics based on F ratios. To control the overall level of significance of our series of tests, we set the overall level of significance at .05. This implies that the probability of rejecting a true hypothesis in our series of tests is .05. We first assign a level of significance of .01 to the test of the symmetry restriction implied by utility maximization. We then assign a level of significance of .04 to tests of restrictions on the form of the indirect utility function. These two sets of tests are "nested"; under the null hypothesis the sum of levels of significance provides a close approximation to the level of significance for both sets of tests simultaneously.
We test linear logarithmic utility, no time effect, no worker effect, and no dependent effect in parallel, proceeding conditionally on the validity of utility maximization. These tests are not "nested" so that the sum of levels of significance for each of the four hypotheses is an upper bound for the level of significance of tests of the four hypotheses considered simultaneously. We assign a level of significance of .01 to each of the hypotheses of linear logarithmic utility, no time effect, no worker effect, and no dependent effect. We further decompose the hypotheses of no worker effect and no dependent effect, respectively, into two sub-hypotheses: no effect on agricultural consumption and no effect on non-agricultural consumption. We divide the level of significance assigned to each of the two hypotheses, .01, equally between these two alternatives so that each of the four possible sub-hypotheses on household size and composition effect is assigned a level of significance equal to .005. Again, these tests are not "nested", so that the sum of levels of significance for each of the two sub-hypotheses is an upper bound for the level of significance of the two sub-hypothesis considered simultaneously. Our test procedure is presented schematically in Figure 1 .
Critical values for our test statistics for a range of possible levels of significance are presented in Table I so that the reader can evaluate the results of our tests for alternative allocations of the overall levels of significance among stages of the test procedure.
Test statistics are presented in Table II . At a level of significance of .01 we cannot reject the hypothesis that the restriction implied by utility maximization is valid. Proceeding conditionally on the validity of the hypothesis of utility maximization, at a level of significance of .01 each, we reject the hypothesis of linear logarithmic utility, but cannot reject the hypothesis of no time effect. Again, proceeding conditionally on the validity of the hypothesis of utility maximization, at a level of significance of .005 each, we cannot reject the hypotheses of no worker effect on agricultural consumption, no worker effect on nonagricultural consumption, and no dependent effect on nonagricultural consumption, but we reject the hypothesis of no dependent effect on agricultural consumption. All of these refer, of course, to the expenditure shares.
Parameter Estimates
The parameter estimates are presented in Table III . The first column gives the unrestricted estimates. The second column gives the estimates with the symmetry restriction imposed. The third column gives the estimates with the restric- tions, corresponding to all the hypotheses which are tested but not rejected in Section 6.1, imposed. This last set of estimates is referred to as our final specification. The implied estimates of the parameters of the leisure demand function are also presented.
Test of Monotonicity and Quasiconvexity
In order for a function to be an indirect utility function, it must be monotonically decreasing and quasiconvex in the normalized prices. Now given an arbitrary choice of the parameters, the homogeneous transcendental logarithmic function need not be monotonically decreasing or quasiconvex. An implication of nonmonotonicity is that demands may be negative. An implication of nonquasiconvexity is that the demand elasticities may have incorrect signs or magnitudes. Thus, in order for the empirical results to be meaningful it is necessary to find a set of estimates which are consistent with monotonicity and quasiconvexity of the function. Except for a few highly restrictive special cases such as linear logarithmic utility, the transcendental logarithmic function is not in general globally monotonically decreasing or quasiconvex.18 However, it is possible for a translog function to be locally monotonically decreasing and quasiconvex. Test and constrained estimation procedures for monotonicity, convexity, and quasiconvexity have been developed by Lau [11] . We note here only that: first it is sufficient for local monotonicity and quasiconvexity at the point of expansion if the gradient and the Hessian at that point have the correct properties; and second, the asymptotic distributions of test statistics of hypotheses other than monotonicity and quasiconvexity and the efficiency of the parameter estimates are both independent of whether the monotonicity or quasiconvexity constraints are imposed. 19 We further observe that a twice differentiable function of three variables is locally quasiconvex only if the Hessian of the function has at least two nonnegative eigenvalues ( Table IV . Finally, we note that the total expenditure elasticity for Z, A, and C is identically one. The expenditure elasticity for labor is Z/(a,Z -Z). At the mean this may be approximated by a&l/ (l + a',) . The expenditure elasticity for marketed surplus is -A/(V-A).
At the mean this may be approximated by a2/(p*A V+ a2).
To compute the second set of elasticities, it is necessary to examine the composition of total expenditures from the supply side. In general, total expenditure may be regarded as composed of: M=H1(PA,qL,qA,qM, qF, YK, YT,Dt)+qLa1Z+IA-R-S where H is the restricted profit function of the agricultural household, IA is asset income, R is fixed rent, and S is savings. It is assumed that savings is determined prior to the allocation of current expenditures. Thus, since M depends on qL, PA, and a1 it is necessary to take into account the effect of the latter variables on M to evaluate the total effect of the variation of the independent variables on total household consumption. We note that: One may, therefore, immediately write down the matrix of elasticities which are presented in Table V . As before, we compute the elasticities at the means of the independent variables which are present in Table VI . 
CONCLUDING REMARKS
In this paper we have specified a complete utility maximization model for the consumption behavior of the household which takes into account the effects of differential composition of the households in a general way and applied it to household data from the Province of Taiwan. We have explicitly tested the hypothesis of utility maximization and found that we cannot reject it. We have explored the functional and time structure of consumer preferences and arrived at a rather economical final specification. We have also computed two complete sets of elasticities for consumption demand, labor supply, and marketed surplus functions.
We shall summarize our results only for the case in which total expenditure is allowed to vary because it is more realistic. Some specific findings are as follows: First, an increase in the wage rate decreases leisure demand and increases labor supply. Second, marketed surplus responds positively and elastically to an increase in the price of output, but negatively to an increase in the wage rate. Third, an increase in the availability of nonagricultural commodities, represented by a decrease in the price of nonagricultural commodities, increases leisure demand and nonagricultural consumption and marketed surplus but decreases agricultural consumption and labor supply. Fourth, an increase in the number of workers increases labor supply positively and elastically. It also increases leisure, and agricultural and nonagricultural consumption, while it decreases marketed surplus. Thus, for the Province of Taiwan at least, the hypothesis of surplus labor cannot be established at the microeconomic level. Finally, one may note that the sign pattern of the cross-price elasticities fails to satisfy the condition of gross substitutability; that is, they are not all nonnegative.
Our findings should be qualified by noting that they apply only to the partial equilibrium behavior of the household, and not necessarily to the general equilibrium behavior of the agricultural sector. In order to examine questions pertaining to the latter, a framework similar to that developed by Yotopoulos and Lau [30] should be used.
There are several directions in which this work may be extended. First, one can drop the homogeneity assumption. Here one can either adopt the linear logarithmic expenditure system with nonhomogeneity parameters introduced by Lau and Mitchell [12] , or the nonhomogeneous transcendental logarithmic utility function approach introduced by Christensen, Jorgenson and Lau [5] . Adoption of the former approach also implies dropping the maintained hypothesis that Z is literally 365 days a year. Second, one can distinguish a larger number of consumption commodities as well as a larger number of household characteristics: sex, religion, education attainment, etc. Third, models of the type proposed here may have applicability in the analysis of the behavior of households outside of agriculture. 
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